Abstract
INTRODUCTION
Several solutions have been proposed when the objective is to supply a three-phase motor from single-phase ac mains. It is quite common to have only a single phase power grid in residential, commercial, manufacturing, and mainly in rural areas, while the adjustable speed drives may request a threephase power grid. Single-phase to three-phase ac-dc-ac conversion usually employs a full-bridge topology, which implies in ten power switches. This converter is denoted here as conventional topology. Parallel converters have been used to improve the power capability, reliability, efficiency, and redundancy. Parallel converter techniques can be employed to improve the performance of active power filters, uninterruptible power supplies (UPS), fault tolerance of doubly fed induction generators, and three-phase drives. Usually the operation of converters in parallel requires a transformer for isolation. However, weight, size, and cost associated with the transformer may make such a solution undesirable. When an isolation transformer is not used, the reduction of circulating currents among different converter stages is an important objective in the system design.
In this paper, a single-phase to three-phase drive system composed of two parallel single-phase rectifiers and a threephase inverter is proposed. The proposed system is conceived to operate where the single-phase utility grid is the unique option available. Compared to the conventional topology, the proposed system permits to reduce the rectifier switch currents, the total harmonic distortion (THD) of the grid current with same switching frequency or the switching frequency with same THD of the grid current, and to increase the fault tolerance characteristics. In addition, the losses of the proposed system may be lower than that of the conventional counterpart. The aforementioned benefits justify the initial investment of the proposed system, due to the increase of number of switches.
COMPONENTS INPROPOSED CIRCUIT

Effect of Source Inductance
In the Fig.1 , lg', l a' , l b , l b' are input side inductors these inductors are called source inductors. The input side bridge rectifier is a fully controlled rectifier. The presence of source inductance introduces an additional mode of operation of when firing angle is less than certain value.
When there is an inductor in series with each input line, it is necessary to find out its effect. The effects are 
DC Link Capacitor
A simple analytical expression for the current stress on the DC-link capacitor caused by the load-side inverter of a voltage DC-link-converter system is derived. The DC-link capacitor current RMS value is determined from the modulation depth and by the amplitude and the phase angle of the inverter output current assuming a sinusoidal inverter output current and a constant DC-link voltage.
Despite neglecting the output-current ripple, the results of the analytical calculation are within 8% of measurements made from digital simulation and an experimental system, even if the output-current ripple is relatively high as in the case of low-frequency IGBT inverter systems. The simple analytical expression provides significant advantages over simulation methods for designing the DC-link capacitor of PWM converter systems.
IGBT Fundamentals
The Insulated Gate Bipolar Transistor (IGBT) is a minoritycarrier device with high input impedance and large bipolar current-carrying capability. Many designers view IGBT as a device with MOS input characteristics and bipolar output characteristic that is a voltage-controlled bipolar device. To make use of the advantages of both Power MOSFET and BJT, the IGBT has been introduced. It's a functional integration of Power MOSFET and BJT devices in monolithic form. It combines the best attributes of both to achieve optimal device characteristics.
The IGBT is suitable for many applications in power electronics, especially in Pulse Width Modulated (PWM) servo and three-phase drives requiring high dynamic range control and low noise. It also can be used in Uninterruptible Power Supplies (UPS), Switched-Mode Power Supplies (SMPS), and other power circuits requiring high switch repetition rates. IGBT improves dynamic performance and efficiency and reduced the level of audible noise. It is equally suitable in resonant-mode converter circuits. Optimized IGBT is available for both low conduction loss and low switching loss.
SCR, the Triac conducts in either direction when turned on. The Triac also differs from the SCR in that either a positive or negative gate signal triggers it into conduction. Thus the Triac is a three terminal, four layer bidirectional semiconductor device that controls ac power whereas an SCR controls dc power or forward biased half cycles of ac in a load. Because of its bidirectional conduction property, the Triac is widely used in the field of power electronics for
It is wound for a definite number of poles. The windings are geometrically spaced 120 degrees apart. Two types of rotors are used in Induction motors Squirrel cage rotor and Wound rotor.
PULSE WIDTHMODULATION
General Description
The Also, the inverter output voltage has the following features PWM frequency is the same as the frequency of V tri Amplitude is controlled by the peak value of V control Fundamental frequency is controlled by the frequency of V control
Space Vector PWM
Principle of Pulse Width Modulation (PWM)
Fig
RECTIFIER AND INVERTER
AC to DC converter
A rectifier is an electrical device that converts current (AC), which periodically reverses direction, to current (DC), which is in only one direction, a process known as rectification. Rectifiers have many uses including as components of power supplies and as detectors signals. Rectifiers may be made of solid state tube diodes, mercury arc valves, and other components.
When only one diode is used to rectify AC (by blocking the negative or positive portion of the waveform), the difference between the term diode and the term rectifier usage, i.e, the term rectifier is describes a diode used to convert AC to DC.
Half-Wave Rectification
In half wave rectification, either the positive or negative half of the AC wave is passed, while the other half is blocked. Because only one half of the input waveform reaches the output, it is very inefficient if used for power tra wave rectification can be achieved with a single diode in a one-phase supply, or with three diodes in a three
Fig 6 Half wave rectification
The output DC voltage of a half wave rectifier can be calculated with the following two ideal equations V V 2 V V π
Full-Wave Rectification
A full-wave rectifier converts the whole of the input waveform to one of constant polarity (positive or negative) at its output. In half wave rectification, either the positive or negative half of the AC wave is passed, while the other half is blocked. Because only one half of the input waveform reaches the output, it is very inefficient if used for power transfer. Halfwave rectification can be achieved with a single diode in a three-phase supply.
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Half wave rectification
The output DC voltage of a half wave rectifier can be two ideal equations wave rectifier converts the whole of the input waveform to one of constant polarity (positive or negative) at its output.
Full-wave rectification converts both polarities of waveform to DC (direct current), and is more efficient. However, in a circuit with a non diodes are required instead of the one needed for half rectification. Four diodes arranged this way are called a bridge or bridge rectifier.
Fig 7 A Full-Wave Rectifier Using Four Diodes
For single-phase AC, if the transformer is centre two diodes back-to-back (i.e. anodes cathode) can form a full windings are required on the transformer secondary to obtain the same output voltage compared to the bridge rectifier above. The extreme of this approach is to dispense with the reservoir capacitor altogether and put the rectified waveform straight into a choke-input filter. The advantage of this circuit is that the current waveform is smoother and consequently the rectifier no longer has to deal with the current as a large current pulse, but instead the current ctrical device that converts direct current (DC) to alternating current (AC), the converted AC can be at any required voltage and frequency with the use of appropriate transformers, switching, and control circuits.
Solid-state inverters have no moving parts and are used in a wide range of applications, from small switching power supplies in computers, to large electric utility high-voltage direct current applications that transport bulk power. Inverters are commonly used to supply AC power from DC sources such as solar panels or batteries. There are two main types of inverter. The output of a modified sine wave inverter is similar to a square wave output except that the output goes to zero volts for a time before switching positive or negative. Thus it is compatible with all AC electronic devices. This is the type used in grid-tie inverters. Its design is more complex, and costs 5 or 10 times more per unit power. The electrical inverter is a high-power electronic oscillator. It is so named because early mechanical AC to DC converters was made to work in reverse, and thus were "inverted", to convert DC to AC. The inverter performs the opposite function of a rectifier.
MODELLING AND CASE STUDY
System Model
The system is composed of grid, input inductors ( , ′ , , ′ ). Rectifiers (A and B), capacitor bank at the dc-link, inverter, and induction machine Rectifiers A and B are constituted of switches , , and and , , and respectively. The inverter is constituted of switches , , , , and .
From Fig.12 , the following equations can be derived for the front-end rectifier
Where p = d/dt and symbols like r and l represent the resistances and inductances of the input inductors , ′ , , ′ . The circulating current ) can be defined from) , )′ ) , )′ .
Introducing ) and adding (3) and (4) 
Where (10)
Relations (7)- (9) and (5) constitute the front-end rectifier dynamic model. Therefore, (rectifier A), (rectifier B), and (rectifiers A and B) are used to regulate currents ) , ) , ) respectively. Reference currents ) * and ) * are chosen equal to ) " * 2 -and the reference circulating current ) * is chosen equal to 0.
Fig 11 Single-phase to three-phase drive system
In order to both facilitate the control and share equally current, voltage, and power between the rectifiers, the four inductors should be equal, i.e.$ 
. / = ! " 20$′ " % &′ " '1)
= 20$′ " % &′ " '1)
Additionally, the equations for) " ,)′ and )′ can be written as = . 2 
. / = ! " 20$′ " % &′ " '1)′
+ . / = ! " 20$′ " % &′ " '1)′ (18) In this ideal case (four identical inductors), the circulating current can be reduced to zero imposing.
)′ ) the system model (7)- (9) is
Fig 12
Proposed single-phase to three-phase drive system
PWM Strategy
The PWM strategy for the rectifier will be presented. The rectifier pole voltages , , and depend on the conduction states of the power switches, i.e. The change of the position of the voltage pulses leads also to the change in the distribution of the zero instantaneous voltages (i.e., = 0 and = 0).With μ = 0 or μ = 1 the zero instantaneous voltages are placed at the beginning or at the end of the switching period, respectively, while with μ = 0.5, they are distributed equally at the beginning and at the end of the half period. This is similar to the distribution of the zerovoltage vector in the three-phase inverter. Fig.13 presents the control block diagram of the system in Fig.  12 . highlighting the control of the rectifier, to control the dclink voltage and to guarantee the grid power factor close to one. Additionally, the circulating current ) in the rectifier of the proposed system needs to be controlled.
Control Strategy
Fig.13 Control block diagram
In this way, the dc-link voltage 9 is adjusted to its reference value 9 * using the controller E 9 .which is standard Fuzzy logic controllers. This controller provides the amplitude of the reference grid current ) " * To control power factor and harmonics in the grid side, the instantaneous reference current ) " * must be synchronized with voltage ! " , as given in the voltage-oriented control (VOC) for three-phase system This is obtained via blocks Ge-) " , based on a PLL scheme. The reference currents ) * and ) * are obtained by making ) * =) * =) " * 2 ⁄ .Which means that each rectifier receives half of the grid current. The control of the rectifier currents is implemented using the controllers indicated by blocks E andE . These controllers can be implemented using linear or nonlinear techniques.
The homo polar current is measured () ) and compared to its reference () * = 0). The error is the input of Fuzzy controller E that determines the voltage * . The calculation of voltage : * isgiven from (30) to (32) as a function of μ, selected. The motor there phase voltages are supplied from the inverter (VSI).
Block VSI-Ctr indicates the inverter and its control. The control system is composed of the PWM command and a torque or flux control strategy.
Harmonic Distortion
The harmonic distortion of the converter voltages has been evaluated by using the weighted THD (WTHD). It is computed by using
Where S the amplitude of the fundamental voltage is is S = is the amplitude of ith harmonic and p is the number of harmonics taken into consideration. Fig.5.4 . shows the WTHD of voltages generated by rectifiers # % ( 2 ⁄ for the proposed configuration and
for the conventional one] at rated grid voltage asa function of μ. Note that the parameter μ determines :
* from (30) to (32). The resultant voltage generated by rectifieris responsible to control ) " , which means that this voltage is used to regulate the harmonic distortion of the utility grid. When the single-carrier PWM is used, the behavior of WTHD of the proposed system is similar to that of conventional one for all μ, as observed in Fig.5.4 . When the double-carrier PWM is used with μ = 0.5, the WTHD is also the same for both configurations. However, for the other values of μ the WTHD of the proposed system is lower than that of the conventional one.
The WTHD of the proposed topology (double-carrier with μ = 0or μ = 1) is close to 63% of that of the conventional topology(with μ = 0.5). The study has also shown that it is possible to reduce the switching frequency of the proposed system in 60%and still have the same WTHD of the standard configuration. For the double-carrier see Fig. 15 (c) the voltage has smaller amplitude and better distribution along the half switching period than that of single-carrier see Fig. 15 (a),which means a lower WTHD(as observed in Fig. 4 for μ = 1).
On the other hand, for μ = 0.5 see Fig. 15 (b) and (d) the distribution of voltage along the switching period is the same for both cases, i.e., single-carrier and double-carrier have the same WTHD. Besides the total harmonic distortion (THD) of the grid current) " , associated to the WTHD of the voltage , the harmonic distortion analysis must also consider the currents in the rectifiers. This is an important issue due to losses of the converter.
The harmonic distortion of the rectifier current () , )′ , ) , )′ ) with double-carrier is higher than that of the grid current ig . When the parallel rectifier with double-carrier is used, the THD of all these currents are reduced for μ = 0 or μ = 1 and increased for μ = 0.5. On the other hand, the THD of the circulating current is also smaller with μ = 0 or μ = 1. In conclusion the optimal rectifier operation is obtained with double-carrier making μ = 0 or μ = 1. A four-carrier approach may also be used.
Ratings of Switches
Assuming same rms voltages at both grid and machine sides ,a machine power factor of 0.85 and neglecting the converter losses, currents of the rectifier switches normalized in terms of currents of the inverter switches are 2.55 and 1.27 for the conventional and the proposed single-phase to three-phase converter, respectively. Fig (a) and (b) shows the flow of active power in the conventional and in the proposed singlephase to three-phase converter, respectively. For balanced system ( ′ " ′ ′ ), voltage is close to zero, so that the dc-link voltage is equal to that required by the conventional system. Since the parallel connection scheme permits to reduce the switch currents and preserve the dc-link voltage, the rating of each power switch in the rectifier side is reduced.
SIMULATION MODELING AND RESULTS
Simulation Modeling for Transient Condition
In this chapter the work carried out on mathematical model of the system using MATLAB/SIMULINK software. The results of simulation have been discussed.
Fig 17
Simulation model of single phase to three phase drive system using two parallel single phase rectifiers The current magnitude of these two currents is
CONCLUSIONS
A single-phase to three-phase drive system composed of two parallel single-phase rectifiers, a three-phase inverter and an induction motor was proposed. The system combines two parallel rectifiers without the use of transformers. The system model and the control strategy, including the PWM technique, have been developed.
The complete comparison between the proposed and standard configurations has been carried out in this paper. Compared to the conventional topology, the proposed system permits to reduce the rectifier switch currents, the THD of the grid current with same switching frequency or the switching frequency with same THD of the grid current and to increase the fault tolerance characteristics. In addition, the losses of the proposed system may be lower than that of the conventional counterpart. The initial investment of the proposed system (due to high number of semiconductor devices) cannot be considered a drawback, especially considering the scenario where the cited advantages justify such initial investment. The experimental results have shown that the system is controlled properly, even with transient and occurrence of fault
FUTURE SCOPE
It is quite common to have only a single phase power grid in residential, commercial, manufacturing, and mainly in rural areas. At the solar power plant and industries it is convenient convert single phase supply to three phase supply. This system is very useful for agricultural to run three phase motor.
